The objectives of this research are to evaluate acoustic environments and to forecast STI values from spatial component variables in the large classrooms of the Thai public university that were specially controlled the same room finishing materials including the floor, walls, and ceiling. Whereas the five spatial component factors included (1) Room Volume (RV), (2) Ceiling Height (CH), (3) the Ratio of Depth to Width (R dw ), (4) Total Room Surface (TS), and (5) Percentage of Absorbing Surface areas (PAS). The research tools were the smartphones that used the applications for acoustical evaluation and speech intelligibility analysis. The Speech Transmission Index (STI), Reverberation Time (RT), and Background Noise Level (BNL) were collected by the calibrated microphone in the nine points distributed across the entire room. And also, the sounds for testing were simulated such as balloon burst, and STIPA signal via a sound generator. The Thailand Speech Intelligibility (T-SI) model was developed by the multiple regression analysis with a statistical at a confidence level of 95%.The results showed that this T-SI model depended on the strongly positive relationship of PAS and the slightly positive relationship of CH, TS while the RV, R dw were slightly the negative relationship and which predicted STI values. Moreover, the highest affecting variable of T-SI model was CH and the lowest was PAS. However, this research implies that the improving room acoustic quality would be adjusting the sound absorbing surface areas i.e., increase the cloth curtain or appropriate methods.
Introduction

Research Background and Conceptual Framework
The acoustical conditions in classrooms were the important issues to realize. It is well known that the poor acoustical problems have substantial effects on the learning process. In order to achieve the good indoor acoustical environment, the spatial aspect needs more attention and study in depth (Barron, 2001) . The acoustical environment is generated from the responses of spatial component factors in the interior environment (Paradis, 2014) that comprise room volume, ceiling height, the ratio of depth to width, total room surface, and absorption surface areas. These factors affect acoustical characteristics that occur (Zannin & Marcon, 2007; Rabelo et al., 2014) . Therefore, this research was conducted under the conceptual framework shown in Figure 1 . Background Noise Level (BNL) or ambient noise is a value that measures sound loudness while no educational activities are being conducted in the classroom. The sound level unit that is used as an international standard is A-weighted decibels (dBA). And Reverberation Time (RT) refers to echo duration, using seconds as its measuring unit, also called RT or RT60. RT60 refers to the measurement method that produces sound with 60 dBA louder than BNL level; the time until the sound disappears and returns to normal BNL level is recorded (Fuchs et al., 2001) . American National Standards Institute (ANSI) showed that reverberant condition and high noise level within a room are the cause of unclear communications, especially in large volume rooms which have a higher chance of occurring than small volume rooms (ANSI, 2002) . ANSI S12.60 specifies the standard values ass.ccsenet.org Asian Social Science Vol. 13, No. 7 2017 71 of BNL under no activity conditions to be 35 -40 dBA, and standard RT value to be 0.7 seconds for large classrooms, display in Table 1 . If BNL and RT index values exceed that of their standard, it will cause the reduction in STI value and negatively affect verbal communication clarity (ANSI S12.60, 2002; Astolfi et al., 2008; Sala & Viljanen, 1995; Tang & Wong, 1998) . 
Method
Research Procedure
This research plan is separated into three main steps containing the following details:
Step 1: Physical room assessment was conducted by measuring six classroom areas then summarizing spatial component factors, namely room volume, ceiling height, the ratio of depth to width, total room surface and percentage of absorption surface.
Step 2: Acoustical Measurement of the three acoustical indexes, namely, BNL, RT, and STI. Those indexes were collected under sound simulation control in classrooms. The sound level was kept constant by a sound generator, and acoustical values were measured via smartphone application connected to the calibrated measurement microphones. Measurement of RT value used the impulse noise (balloon burst sound with sound level = BNL+60 dBA) and the STIPA signal was used to measure STI value.
Step 3: The research results are separated into two sections, namely, Section 1: Comparing descriptive statistics, showing three acoustical indexes, which are BNL, RT, and STI, between the six large classrooms, as well as comparison of the obtained values with ANSI S12. 60 (2002) and IEC 60268-16 standard (2011) . Also, results were shown in the way of contour maps using Surfer V13 to display sound distribution characteristics within the rooms. Section 2: Result analysis via regression statistics was used to formulate the model of Thailand Speech Intelligibility (T-SI)
The Study Area: Large classrooms in Public University
The classrooms under study are located in a Thai public university that conducts bachelor level courses. King Mongkut's Institute of Technology Ladkrabang (KMITL) was specifically chosen due to the institute's location nearby Suwannabhumi International Airport within a 10 km radius. Also, this institute has studied the impacts from the airport after it started operating in 2006 by Pollution Control Department of Thailand. The study found that this institute receives the impact of noise during airplane takeoff-landing at an average of 60 -65 dBA. Apart from this, it also receives noise pollution from other communication systems such as railways and highways (Leeniva & Upala, 2015) .
The study areas were carried out in six large classrooms. The large classrooms refer to rooms that have a volume of 288 to 566 cubic meters (ANSI S12.60, 2002) or an estimated capacity of 100 to 120 seats. In this study, six rooms were selected as representatives of six faculties that conduct bachelor level courses (Figure 3 ). Each room contains the same finishing materials, namely, polished stones or smooth floor tiles as floor material, smooth gypsum board as ceiling material, concrete plaster brick or smooth surface gypsum board as wall materials, as shown in Figure 4 . The differences of each room depend on spatial component factors, which cause variation in the acoustical environment (Paradis, 2014) . The factors consist of room volume, ceiling height, the ratio of depth to width, total room surface, and absorption surfaces (Rabelo et al., 2014) . During data collection, all furniture was removed and no educational activities were conducted (Peng, 2010 In the data collecting procedures, purposive sampling was utilized. Each classroom in this study represents classrooms provided for undergraduate students of each faculty in KMITL. Six classrooms in total were drawn from six faculties, namely Faculty of Engineer, Faculty of Industrial Education, Faculty of Architecture, Faculty of Science, Faculty of Agriculture and Faculty of Information Technology. All sampled classrooms had the following criteria; 1) They must be large classrooms with room volume between 288-566 cubic meters; 2) They must be air-conditioned with closed windows and doors; 3) They must be rectangular or shoe box shape; 4) They must be rooms for lecturing or seminar only (laboratories or multi-function rooms were excluded).
Room Acoustical Measurements
Room acoustical measurements were collected three acoustical indexes, namely, The Speech Transmission Index (STI), Reverberation Time (RT), and Background Noise Level (BNL), by smartphone applications iSTI, APM tool, and SPL respectively. These evaluations were conducted through Dayton Calibrated Measurement Microphone, iMM-6 model. Both applications and microphones were certified by the International Electrotechnical Commission (IEC). Table 2 shows equipment details, the application used in an acoustic analysis, and certified standards. Data collection equipment used is shown in Figure 5 and consisted of a microphone for measurement, the adjustable microphone stand, iphone5s with IOS 9.3, record forms, computer, and speaker. students while listening to a lecture, which was determined to be 1.20 meters high. The positions of the receivers were specified in nine points spreading over the entire room. The positions adjacent to walls were specified to leave 1.00-meter gaps, as shown in Figure 6 . In addition, BNL measurement was evaluated under a total of three situations, namely, (1) when all air-conditioning systems were turned off, (2) air-conditioning systems were turned on but no acoustic absorbing material in the room and (3) air-conditioning systems were turned on with the acoustic absorbing material in the room. Data collection was carried out at noon, on a day with no educational activities, no university students inside each building, including no activities taking place in adjacent space. The weather condition during data collection was normal; no rain, thunder, or strong wind.
Results and Discussion
Physical Environment Analysis of Six Large Classrooms
The overall spatial component factor data of the six studied classroom areas from six faculties in KMITL were displayed in Table 3 . Every classroom was considered as a large classroom with volumes in a range of 288 to 566 cubic meters complying with ANSI S12.60 (2002) specifications. Floor, walls, and ceiling material of each room had no differences and were similar to other public institution classrooms. They consisted of smooth shiny materials that are often used due to ease of maintenance such as the polished stone floor, smooth floor tiles, and smooth padded gypsum ceiling, and most of the wall materials were smooth padded concrete and smooth padded gypsum. Therefore, there was very little to no acoustic absorbing materials in the rooms, which mostly came from blind materials on windows. The items mentioned in the table below are a summary of the studied areas, which include Room Volume (RV), Ceiling Height (CH), the Ratio of Depth to Width (R dw ), Total Room Surface (TS) and Absorbing Surface areas calculated in percentage (PAS). Moreover, the table shows spatial component factors that will be analyzed to define their relationship with STI value in a room, which consist of (1) Room Volume (RV), (2) Ceiling Height (CH), (3) the Ratio of Depth to Width (R dw ), (4) Total Room Surface (TS), and (5) Percentage of Absorbing Surface areas (PAS). For the volume of the six studied classrooms, the minimum was 318.66 cubic meters, maximum was 428.34 cubic meters, and the average value was 391.74 cubic meters. These room volumes fall under the ANSI S12.60 standard as a large classroom. In addition, measurements obtained gave an average ceiling height of 3.05 meters. The ratio of depth to width started from 1.00, for a room with a depth equal to a width, and more than 1.00 for a room that had a depth higher than the width dimension. Thus, if ratio value is high, it means that that the room is very deep. In this case, depth to width ratio ranges from 1.00 to 2.85. Total room surface factor had values starting from 342.3 to 460.5 square meters, and the average value of the percentage of absorption surface factor stood at 12.64%, the minimum was 1.75% and the maximum was 30%.
Acoustical Environment Analysis
Background Noise Level (BNL)
The values summarization of Background Noise Level (BNL) in the classrooms, Figure 7 shows that none of the selected classrooms met the standard acoustic value. Only the ARCH classroom, at 45.25 dBA, was the closest to standard. When air-conditioning systems were turned on, each room had a much higher BNL (67.47 dBA) with ass.ccsenet.org Asian Social Science Vol. 13, No. 7 2017 an average increase of 32.2%. In addition, it was observed that when the rooms contained acoustic absorbing materials, BNL value decreased but varied according to the Percentage of Absorbing Surfaces (PAS) in the room. ARCH classroom had an acoustic absorbing surface of 30% and was able to reduce BNL value by 3.94%. For AGRI classroom, it had a very little acoustic absorbing surface that the cause of BNL value only dropped by 0.06%. Nonetheless, the measured results were obtained from real classrooms which had many acoustical related factors such as room volume, ceiling height, and room proportion, which were considered and a relationship between occurring spatial factors and acoustical characteristics were investigated via support from statistical program analysis. 
Reverberation Time (RT)
The measurement of RT value used the balloon bursting sound (impulse noise), created from the sound generator with loudness level set at BNL+60 dBA (BNL of each room). Frequency interval for RT measurement was 500 -2000 Hz, which is a normal speaking frequency interval. Reverberation time for a room with volume higher than 288 cubic meters but lower than 566 cubic meters, according to ANSI S12.60 standard, should not exceed 0.7 seconds. The RT value summarization, shown in Figure 8 , all six classrooms had RT values higher than that of the standard with an average of 1.73 seconds, the standard deviation of 0.49, minimum value of 1.27, and maximum value of 2.55 seconds.
However, when acoustic absorbing materials were added to the rooms, a new average value was reduced to 1.54 seconds (SD 0.57), the minimum value of 1.06, and the maximum value of 2.50 seconds. In other words, when rooms contain acoustic absorbing materials, it will cause reverberation time to drop by 11.77% on average depending on a number of acoustic absorbing surfaces or the percentage of absorbing surface areas in the rooms. For rooms with the high acoustic absorbing surface, there will be a more significant reduction in RT value than rooms with little acoustic absorption surface. Note. PAS=the Percentage of Absorbing Surface area. Figure 9 shows STI value distribution in each room comparing the conditions with and without acoustic absorbing surfaces. STI values in each room comparing the conditions with and without acoustic absorbing surfaces. When there was no acoustic absorbing surface, STI value of every room was lower than the standard value (0.60) but had normal distribution characteristics, which means sounds were clear only in the middle-front position close to the speaker, and clarity dropped when farther. The highest clarity value obtained was 0.58, and the lowest was 0.22.
However, when acoustic absorbing surfaces were added, STI average value of every room improved. Especially in ENG, IDED, and ARCH classrooms which had acoustic absorbing surfaces of 17.71%, 11.73%, and 30% 
Regression Statistical Analysis: to develop the model of Thailand Speech Intelligibility (T-SI)
The Thailand Speech Intelligibility (T-SI) model, the equation used to predict the STI value, was developed by the multiple regression analysis. The regression analysis at 95% confidence level was used via Stepwise method between STI variable and five dependent variables consisting of (1) Room Volume (RV), (2) Ceiling Height (CH), (3) the Ratio of Depth to Width (R dw ), (4) Total Room Surface (TS), and (5) Percentage of Absorbing Surface areas (PAS). Table 5 shows that PAS was the first factor that was able to predict STI value, followed by R dw , CH, RV, and TS. When taking into account the results from Table 6 , it can be seen that all five spatial component factors have a high influence on STI value with multiple correlation coefficients of 0.854, and they were able to predict 72.9 percent of STI value with 0.05 significance and standard deviation of 0.051. From the T-SI model and Table 6 , an additional explanation can be deduced that CH factor was able to predict the highest STI value with the statistical significance of 0.05 while having regression coefficient (b, β) 2.145 and 6.364. This is followed by R dw factor (b = -.049, β = -.238) and TS factor (b = .026, β = 9.682). PAS factor (b = .002, β = .164) is the factor that predicts the lowest STI value. However, correlation analysis also shows that this T-SI model depended on the strongly positive relationship of PAS (R = .605). This means that the STI value is also influenced greatly by the PAS factor. . These values of the factors will be reduced 2.5%, 5%, and 10% respectively. After the adjustment, changed of STI value can be observed in percent as shown in Table 7 . According to T-SI formula, it shows that five spatial component factors affect STI, especially room volume and ceiling height factors. Thus, the importance of the two factors needs to be aware of buildings in the design process. For buildings that have been completely constructed and using, improving the internal sound environment by changing room volume will affect structure and system work of the building which means that budget for improvement will be unnecessarily high. Improving can be done by lifting up the height of ceiling or increasing absorbing surface in the room. If it is done properly, it can improve speech intelligibility as well.
Conclusions
objectives of the research were (1) to evaluate the acoustical environments and (2) to forecast STI values from spatial component variables. The studied areas were six selected large classrooms all belonging to a Thai public institution. The five spatial component factors were collected, namely, RV, CH, R d/w , TS, and PAS. The room acoustical environments were evaluated through the three acoustical indexes which were BNL, RT, and STI. The research results were separated into the following two sections.
Section 1: Acoustic environment evaluation. Background Noise Level (BNL) or ambient noise of all selected classrooms exceeded the standard value (40 dBA) having average values in the range of 42.25-54.60 dBA. The classroom that had the lowest BNL value was the room that contained the highest amount of acoustic absorbing material (PAS 30%). The average of BNL values rose by 32.2% when air-conditioning systems of every room was turned on. Similarly, Reverberation Time (RT) of every room exceeded the standard value (0.7 seconds) with an average value of 1.27 seconds and a maximum value at 2.55 seconds. When acoustic absorbing surfaces were added, the average value reduced by 11.77%. For Speech Transmission Index (STI) value, values obtained from all classrooms went below their standard value (0.60). Under no acoustic absorbing surface condition, STI value stood at 0.30-0.49. However, when acoustic absorbing surfaces were added, the value increased to 0.32-0.59. Thus, apart from improving sound clarity, acoustic absorbing surfaces also help in spreading sound clarity across the room.
Section 2: T-SI model, STI value predicting equation based on spatial component factors. The five spatial component factors that affected STI value with statistical significance at 95% confidence level were RV, CH, R d/w , TS, and PAS. Furthermore, the CH factor gave the highest STI value prediction, followed by R d/w , TS, RV, and PAS. However, PAS factor was the first factor that was able to predict STI value with the strong relationship.
The results of this research show that spatial component factors impacting the acoustical environment condition of the building occurred. There are many educational institutions in Thailand that presently suffer from acoustic issues. However, it is difficult and costly to improve existing classrooms by altering spatial component factors that affect building structure. If considering suitability, the building spatial component that can be modified is the amount of acoustic absorbing surface within rooms. In addition, modification amount or suitable placement for acoustic absorbing surfaces requires more in-depth research, where activities conducted within the room as well as human recognition are taken into account.
